and the frequency characteristics of the prototype FB. Also, the lengths and the passband delays of the analysis/synthesis filters This paper proposes a new design method for a class of can be made closer to each other, which simplifies practical two-channel 2D non-separable perfect reconstruction (PR) filter implementation and reduces the number of additional delay banks (FBs) using the multi-plet FBs. ID multi-plet FBs are PR elements required for processing two subband signals. approach, and finally, conclusion is drawn in section V.
section II. Their generalizations to 2D nonseparable PR FBs important applications in signal analysis, coding and the design with quincunx, hourglass and parallelogram spectral supports of wavelet bases. An efficient structure of two-channel are discussed in Section III. Several design examples are given biorthogonal FIR/IIR FBs, which structurally satisfies the PR in section IV to illustrate the effectiveness of the proposed condition, is the structural PR FB proposed by Phoong et al. approach, and finally, conclusion is drawn in section V.
[1]. Moreover, the FBs of this structure can be transformed, via a simple ID to 2D transformation, to obtain 2D PR FIR II. MULTI-PLET TWO-CHANNEL STRUCTURAL PR FBs nonseparable filter banks with quincunx spectral support. One limitation of this structure is that the magnitudes of the lowpass The general structure of the multi-plet two-channel FBs is and highpass analysis filters at c = gz/2 in the linear-phase case shown in Fig. 1 
, respectively, and studied a new class of two-channel Fo (z) = HI (-z) and F, (z) = -Ho (-z) (1) structural PR FBs with multiple lifting steps called the multiplet FBs [6] . In particular, they showed that the concept of where H(0)(z) = z2Noi +p Q (Z2) frequency transformation of digital filters studied in [7] can be H(1) (z) = Z-2Nl + P1 Q1 (z2 )H(°) (z), and applied directly to the lifting structure to obtain another PR FB with the same number of lifting steps having the similar H(m) (z) = z2Nm H(m2) (z) + Pm Q (Z2 )H(m4) (Z) 
Firstly, a low order prototype PR FB with a rather wide where C is the passband group delay of Q(Z2). As a result, the transition bandwidth is first designed to meet certain group delays of the analysis filter pair, Ho(z) and Hi(z), are specifications on passband and stopband ripples and it is then respectively given by: factorized into lifting structure [9] . Alternatively, the well CO = (L -1) G and C= =L G C. (X) , it can also be implemented by the same number of Let x(n) be a N-dimensional discrete-time signal with lifting steps as the prototype. n = (nO, nfN-l)T and n, E X, the set of integers. The output To analyze the effect of the transformation, let us consider y(n) of a decimator with an integer sub-sampling matrix M the zero-phase responses of the prototype FB, subfilter and can be written as y(n) = x(Mn) The decimation factor is equal transformed FB in Fig (ii) Zero-phase response of the prototype FB:
is replaced with zMo zM1 in Fig. 1 . Then, the 2D analysis filters I gpo <,ko (x) < I + gpo,
can be written as follows: Lowpass: (x) 0,< 6 < 6
Ho(z) = COH(L-2)(z) and HI(z) = C H(Ll1)(z) In this example, the 1-D low-delay multi-plet PR FB 
